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(5?) The apparatus is useful in e.g. 



interface. An sxampls has 3 touch-ftiste 
(30|, on which is a two dsmensioftsi 
array of valid totsch areas (31 sup* 
ported at Its corners by switches (41- 
44). Different combinations of w8tti#s 
are actuated dsparsdsng on which area 
Is touched A deeocter (50j pr odtises m 
indication of the area touched. Aims 
dimensional (§x§) array is described 
using switches which fesvefwoseto- 
stsd conditlorso respectively responsive 
to two forces. A one dimenslonai array 



electronic games or irt a computer-user is alsa described. 




n \ i / 




4-iSPIf 



Fig. 3 




MM « MM 



ft £S Ci i 



no 




2 



4 C ^ [ 



5/10 



id 
5 




7/10 




8 / 10 



Q 4 : 



'3: 




212 

9710 



FT 



CO 
X 



CO 

»— 
o 
«* 

O 



£<■> 
O 

«c 
(— 

o 
o 



o o 



o I o o 



o o 



o o o 



CO 



o 
t— 
o 



o . 



3e 

;/3 



» — 

o 
o 



CM 



o 

o 
o 



o 



o o 



3C 



en 
s— 

{— 
as 
o 



o o 



C3? 



OS 



x 

<J3 



3* 



0 



SB 
O 



CO 

to 
o 



O O Q 



: O O 



o-o 



o 



o o 



a: 



S3 O 



10/10 




GB 2 128 338 A 1 



SPECIFICATION 



In certain electronic games apparatus or in computer-aser interface apparatus a member, which Is 
referred to hereinafter as a touchbar or a touchpiate, is Included in the apparatus. A viewer-user of the 
apparatus communicates with such a game or computer by applying force to soy selective one of s 
multiplicity of valid touch areas {also referred to hereinafter as touch points) on s surface of the toaster or 

10- touchpiate. The touchbar ortouchplace may be transparent ami lie over for example a viewscresn of 8 18 
kinescope, another Ught-emlaSng-devlce display or a liquid-crystal display- To be useful, such apparatus 
most be simple In the mechanical sense, in order to assure both low cost and dependability. 

The touch-responsive apparatus of the invention includes a member (for example, a touchbar or 
touehpiatsi having on s surface thereof a multiplicity of the valid touch areas; and a structure for supporting 

t S said member, and according is the invention, the member has a plurality of support points, which are fewer 15 
in number than the number of valid touch areas; a Site-numbered plurality of force-sensitive switch means 
extend between respective support points and the supporting structure; each force-sensitive switch means 
fa) is biased to a normal condition {for example, in the absence of a applied force which la less than a 
predetermined level) and jb) is responsive to a force I'm the example, ecus! to or greater than the threshold 

20 level) between the support structure and a respective member support point by assuming to at least one 28 
operated condition, where such forces are caused by applying actuating forces to ones of said member 
touch areas; and a decoder responds to combinations of operated conditions of the switch means to identify 
any one of said touch areas to which actuating force Is applied, 
in the drawing; 

2§ Ffgwv 1 is a sketch of four possible conditions encountered in an illustrative touch-bat apparatus 25 
embodying ths present invention and using normally-open switches; 

Figure 2 is a sketch of an Illustrative touchbar apparatus embodying the present invention and using, 
normally-closed switches; 

Figure 3 is a n exploded view of an illustrative touchpiate apparatus embodying the present Invention and 
30 using normally-open switches; add ^ 
Flgttr& 4k an exploded view of an illustrative touchpiate apparatus embodying the present Invention and 
using normally-dosed switches. 

figure S is an exploded view of an illustrative assembly constructed in accordance with the invafitfon, with 
Figure SA providing en electrical schematic of the piursi-ciosure switches used in the Figure 5 assembly; 
35 Ftgurs Ss-i diagram force conditions on an illustrative touchbar or on a touchpiate assembly in accordance 35 
with the Invention, which is shown in profile and is supported by force-discriminating doubis-closura 
force-sensitive switches; 

Figure 7 is a schematic diagram of a typical four-input decoder arrangement for use with a touchbar per 
Figure 8; 

40 Figures 8s, 8b, and 3c are a table descriptive of the operation of a decoder used with the figure 5 ?> ) 

touchpiate assembly; and 

Figure 8 is a schematic diagram of ci rcuitry for selecting most probably correct decoder output in 
determining toucrspoint location. 
Figures ifa}, t{bh He) end 1{d) show in profile a rigid, elongated touchbar 1 0 divided along Its length into 
45 linearly arrayed touch areas, namely : a left secticnl 1, a middle section 12 and a right section 13. Touchbar & 
10 Is supported at Its left end by a normally-open single-paSe-singie-throw posh-bu tton switch 15, The valid 
touch points thus are arrayed linearly between support points, which are at the ends of touchbar 10. The 
number (two) of support points is fewer than the number (three) of valid touch points. 
Touchbar 10 Is madeof transparent material,suchasac!earplastic and a support structure including 
g0 mounting plate 5 (shown in cross-section) is provided. .Switches 14 and1§ are .mounted on piste 5, which has *u 
a hole In it between the switches, so 3h underlying screen 7 {shown in profile!, may ba viewed through the 
touchpiate and the hole. Alternatively, screen ? may be on top of plate 5 and the hole In plate 8, omitted, it is 
convenient to use printed-circuit {p-ei switches for switches 14 and IS and to make piste 8 the printed circuit 
board for receiving them. A high level voltage Mit) or logic ONE level is provided to one terminal of switches 
SS 14 and 15. 

Switch 14, when closed In response to user-applied downward force 8 on touchbar 10, applies the high 
level voltage % to interconnection bus 18 to Sift the bus voltage from logic ZERO to logic ONE condition. 
Switch 1 5, when closed in response to user-applied dbwnwardfprce 8 on touchbar 10, applies the high level 
voltage V'hs to interconnection bus 1? to lift the bus voiiagefrom logic ZERO to logic ONE condition, 
go Resistances 1 8 and 1 3 connect busses 1 8 and 1? to a low level voltage V l0 to pull down the bus voltages to 
logic 2ER0 when logic ONE is not applied from a comparatively low source resistance by closure of switch 
14 or IS, The push buttons of switches 14and 15 can be joined by a flexible cement to touchpiate 10 at the 
points they are to support Providing swrtches14 and 14 have sufficient side-play in their closing action, the 
cement need not be flexible, A two-input ■■decoder 20 - comprising AND gates 21, 22, and 23 and iogic 



§5 



SB 



2 



ONE appears on the one of these lines corresponding to the one of the sections it» 12and 18 to which a user 
applies sufficiently large downward fares. 

In Figure 1 (a) touchbar 1 0 does not have applied to ft aw downward force sufficiently iarge to dose either 
switch 14 or switch 15. Basses 18 and 1? aretx^atiogioZERO.ANDgatesai^ a»^23a8 have at least 

S one ZERO Input from these busses. Sothe outputsfgnaisofesdiof th«ssgMss isaZEBO. § 
in Figure l{b) the left section 1 1 of touchbar 1S has sufficient demvmni fores 8 applied on&tnya asef to 
close normally-open push-button switch 14. When further rotation of touchbar 1 0 is restrained, tfisre must 
be equality between the clockwise andcou ntsrciocfcwise first moments around the point of application of 
fores by t h e user, so the respective upward for^etertsd bvr ptish-buttoo switches 14 and 15 to oppose 

to user-applied downward force 8 have to he In inverse proportion to their distance from the point of 10 
application of that downward force. The sobsterttiairy Shorter distance of switch 14 from point of app lieation 
of downward force resolves most of that force for application to its push-button and provicles for closure of 
switch 14, while leaving switch 1 5 open. Bus 16 has a ONE applied to % while bus 1? remains at ZERO. This 
ZERO is inverted to ONE by inverter 24 and the resultant ONE is applied to one of the inputs of AND gate 21, 

15 the other of which receives a ONE from bus 16. The output of AND gate 21 goestoOIC responsive to both its t S 
Inputs being ONEs and indicates user-applied force 8 being applied on the left section 11 of touchbar 10. 

AND gats 22 supplies an output ZERO responsive to ONE input from bus 18 and 2£R0 inputfrom bus 17. 
inverter 25 inverts the ONE on bus 16 to apply a ZERO as input to AND gate 23, as well as it receiving an input 
ZERO from bus 1?, AND gate 23 responds with an output ZERO. 

20 in figure 1 (c) the right section 1 3 of touchbar 10 has sufficient downward force 8 applied on it by s user to 20 
close normally-open push-button switch 15. Operation analogous to that described with respect to figure 
1{b} results in AND gates 21 and 22 having ZERO output signals and In AND gate 23 having a ONE output 
signal. 

Figure 1(d) shows the touchptate 10 receiving applied downward force 8 in its middle section 12. This force 

25 is resolved equally into forces on each of the normally-open push-button switches U and 15, dosing them to 26 
apply ONSs to both the busses 16 and 17. AND gates 21 and 23 receive input ONEs directly from respective 
ones of busses IS and 17, and these AND gates receive Input ZSROs from the outputs of \ rsverters 24 and 25 
responsive to the input ONSs they receive from respective ones of the busses 18 and M. AND gates 21 and 
23 respond to these inputs with output ZEROs, while AND gate 22 responds with output ONE to Input QNEs 

30 received from busses 1 8 and 1 7 . 30 
Figure 2 shows how the touchbar 10 may be mounted to use normally-closed smgie-pole-ssngie-throw 
push-button switches 14' and 15', rather than normally-open switches 14 and 15. The hole in mounting plate 
5 permits the user to touch she top of iouchplste 10 to open switch 14' with sufficient force on left section W 
to open switch 15 1 with sufficient force on right section 13, orto open both switches with sufficient force on 

35 middle section 12, Resistors 18 and 19 return busses 10 and 17 to a iogic ONE supply voltage rather than a 35 
logic ZERO supply voltage, end the switches 14' and 1 5' in their normally closed positions short-circuit 
busses 16 end 17 respectively to a logic ZERO supply voltage. 

The transparent touchbar arrangements of Figures 1 and 2 provide distinct responses to three tcuchpolnt 
regions using only two push-burton type switches, in the described arrangement no switch Impedes 

40 dewing a display screen through the touchbar. 40 
In atouehplats arrangement, the member having touch points on its surface is rectangular {instead -of 
elongated, 3s In the cases of the apparatus 111 ustrated in Figures 1 and 2}, As is brought out beiow in the 
description of Figure 3, the present invention also is used to Identify touch points arranged on such a 
rectangular touchpiste, where the touchpoints are disposed in rows and columns extending parallel to the 

48 touch plate surface. Using the invention in this context affords greater saving in the number of push-button 45 
switches per valid touch point then t he above-discussed touch bar arrangement. As is brought out beiow, in 
the touchplate arrangement, four push-button switches and associated logic can be used to generate nine 
distinct responses to pressure on nine respective touchpoints arranged in an array of three rows and three 
columns. This type of transparent touchplate is useful in computer terminals for permitting the operator to 

SO select amongst nine alternatives presented to him by the computer on its graphic di splay esthode-ray-tube, 5§ 
for example. This type of transparent touchptate is useful, for example, as the user Interface Irs an electronic 
tic-tec-toa gams using an underlying liquid-erystol-dispiay {LCD}. 

Figure 3 shows m exploded view how s reetanguiartransparentteuchpiate 38 With an array of valid 
touchpoints 31 -39 thereon can be used to oveday a correspondingly rectangular screen 40 {e.g. that of an 

55 LCD for displaying tie-tao-toa circles and crosses), A plurality of four normally-open single-poie-slngia-threw 5S 
push-button switches 41-44 support the corners of rectangulartouchplate 30, their buttons being glued 
thereto with a flexible cement, Switches 41-44 are supported by a support member 45 surrounding screen 
40, The valid touchpoints are arrayed in raws- (e,g„ e row including 31 , 32, and 33) and columns (e,g« a 
column i ncluding 31, 34, and 37). The rows extend paraiiefto the length of pi ate 30 and the columns extend 

80 para llel to the width of plate 30, With this arrangement, the rows extend in directions parallel to lines $8 
extending between pairs of switches 41-47 and 43-44 which are located at pairs of corners defining the width 
of plate 30; and the columns extend in lines para Bel to the pairs of switches 141-43 and 42-44$ which are 
located at pairs of corners defining the length of plate 30. 
in practice,, it Is easiest to use switches 41-44 designedf or printed circuit boards and to use the printed 

m circuit board as soooortinn member 45. The metalfc^on w the; d*c boiard is exoosed as vwdng in the 65 



3 



682126388 A 



3 



exploded view of Figure 3 for ease of illustration. Wm dosed In response te user-applied fores, 
41 , 42, 43 and 44 respectively damp busses 46, 47,48 and 48 to logic ONE voltage. Busses 46, 4?, 48 end 48 
supplying Input signals to s feur-tpput decoder^ are otherwise held to logic ZERO voltage by resistless 
SI . 52, S3 and 54, respectively* 

Decoder 50 Is typically s fburinput, 1 froutpettteeoder, rtlneof t&s outputs of which ere »sua«y used in § 
touchpiare apparatus embodymg the Invention, The CMOS-log!e CD45148 manufactured by the =>olsd State 
Division of RCA Corporation at Somerville, NJ, is a suitable decoder of this type. The decoder is arrange***© 
provide the nine outputs in accordance with the folfowing truth table, no output indication being prow&Jed 
fcrths non-touch and non-valid conditions, in the table, the symbols "0" and "1" are used to designate that s 
referenced switch Is open {"normal" condition} and closed {e.g., "operated" condition), respected ie 



SWITCHES CLOSED AREA TOUCHED 



IE 



25 



30 



41 
0 


42 


43 


44 




0 


3 


0 


NONE 


0 


0 


0 


1 


39 


0 


0 


1 


0 


3? 


0 


6 


1 


1 


3S 


0 


1 


0 


0 


33 


0 


1 


0 


t 


36 


0 


1 


1 


0 


NON-VALID 


0 


1 
ft 


1 


1 


NON-VALID 


1 


0 


0 


31 


1 


0 


0 


1 


NON-VAUD 


i 


0 


1 


0 


34 


1 


0 


1 


1 


NON-VALID 


i 


1 


0 


0 


32 


i 


1 


0 


1 


NON-VALID 


i 


1 


i 


0 


NON-VALID 


i 


1 


1 


1 


35 



15 



28 



35 
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Ths sixteen binary numbers established by the pattern of switch closure can be those enumaratingthe 
outputs of a sixteen-ouiput, four-input decoder SO. The four outputs with three bit places being logtcONfc are 35 
not normally used, nor are the two outeuts with two bit places being logic ONE are generated by dosure « 
diagonally opoosiia ones of switches, nor is the all ZERO output. These seven outputs may bs OB'ed to 
generete feedback to the user, through aural, visual or tactile means that a valid selection of toudtpoK* nas 

¥8 Aiternatively, the non-valid switch conditions (particularly those where three ONEs and 3 ZERO are 40 
generated) may be decoded and OR'ed with ail-ONEs condition to indicate touching of the central touchposot 
35. The non-valid conditions never obtain, except or? atransient basis, provided touchpiste 10 ss flat and 
rigid. Trsnsoarent plastic plates, particularly thinner ones, are subject to bendi ng and werpaga which may 
interfere with ail four switches closing at once; if this is expected to occur, the alternative decoder elgontnms 
48 are preferably to use, , ^ 

Rgure 4 shows tits.modification necessary toysenormaHy^tosed sing!ei»la«smg»B~tnrow pusft-auaon . 
switches 41' . 42'. 43' and 44' instead of normally-open switches 41 ,42, 43 and 44. Switches 4T , 42 ,44 , <m 
44 ! have their backs mounted on a bezel olate 85 offsstf rem support member 45 by means such as pins 
m -84. The output Is sufficiently large to accommodate switches 41 '-44' and touchpiate 1 0. Pens 61-54 may Be 
m drilled and tapped, and machine screws mot shown) may be threaded through corresponding holes m bam 50 
piste 65 into the tapped holes to hold the plats in place. Or bejel plate 65 may be glued to tn e tope 0. pins 
61-84, 

Rather than using singie-poie-singio-throw push-button switches with pull-up or pull-down resssiorsto 
develop logic ZERO and logic ONE conditions, single-pole-double-throw posh-button switches can he used 
8R to select between iooie. ZERO and logic ONE conditions. 55 
Touch»!atas embodying the invention le.g, as described in connection with Figure 4} may be arranges ^ 
alongside touehbsrs embodying the invention (e.g. as described in connection with Figure Is or other sue* 
touehbarsto obtain three-column arrays of valid touchpoints which have more than three rows. The 
invention maybe useful In certain applications where the touehbsr or touchpiate is made of non-transparem 
m material or Is only transparent in part. . „ 

it will be appreciated that the above-described decoding functions may advantageous^ as pertormeo in » 
mlcrocomoutar or other means then that shewn. Steps may betaken in the microcomputer to suppress 
transient switch response conditions, by requiring that a toach be sustained for a predetermined wee 
interval to be considered valid. Standard contact-debouncfug circuitry may be used with aaeoaar 20, tor 
. ac suoDressina transient switch response conditions} for example, smai I capacitors ca R parallel resistors mi. 05 
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or ST, 52, 53, 54 to integrate switch response slightly 

figure 5 shows an exploded view of a footplate assembly having 25 valid touch areas, in cettafcs res) 
the construction of the Rgum 5 assembly is similar tothea^smbfyshs3^mPisMre3.Wrter8saGrsof 
swi tches 41, 42.. 43 and 44 in figure 3 has a sJngteset pf ca^ta^whidTi are open or dosed, e ach of 
5 corresponding switches 81 ,82, 83 and 84 in figure 5 h^two ^ts<>f is6rmai!y open contact, ^ich as those S 
indicated so Rgu re Sa, A first contact set {86, 87) Is closed in response to application of a Tefefiw$Y'ms& force 
to actuals member 85; and both the first contact set and a second contact set |S7,88Nre closed In f@spoi?se 
to application of a relatively large force to 85. These sets of contacts are shown sharing a common contact 8? 
as Indicated in Figure 5a, In the figure 5a switch, light pressure on the push-button, o? actuating raem&eh 85 
tS transmits a smalfforos trough ttthat bends leaf 88 to dose 1fe contacts 86-87 and 87-88. As usedmme ^ to 
Figure 5 assembly such double-closure switches 81,8?, 83 and S4 are eowenlenfSy formed as prtoted casts* 
switches, allowing 8telr mounting on a printed eircuitboardsupportniornberSO, 

Support member 80 is shown as having a rectangular aperture 80A having its corners dose to ins 
positions of switches 81 , 82, S3, 84, in order to allow viewing of a screen inot shown} through transparent 
B touchplate 60 and aperture SOA. As apparent from figure 5, this screen is to be located below the hole in is 
support member 80. Alternatively, support member 80 could be replaced by one of transparent m*te«» 
without a hole such as SOA and located baiow touchplate 80, Such a transparent support member could be 
provided an ants-reflective coating , in applications where there is no need to sea through the toucbplste, the 
touch piste and the support member can be opaque and without a hole therethrough. 
20 Touchplate 60 is shown divided into a five-column-by-five-row array of valid tauchpoint areas as- kscasores. » 
The locations am labeled with respective ones of the letters of the English alphabet excluding z. An 
eight-ifi put decoder 70 responds m the busses 61, 62, 63, 64, 65, 88, 87 and 88 being selectively damped to 
the voltage V»), which voltage can be associated with a logic ONE, by the closure of contacts in switches 81, 
82, 83, and 84. Such closure would be in response to user-applied pressure on one of the touehposots a-y ot 
2S teuebplste 60, Decoder 70 supplies en indication of a selected touchpoint (i.e., a touehpoinf to which f orce ss 
apoiledl This Indication is supplied on one of twenfy*five output lines, assuming decoder 70 output to **s m 
non-coded form. When busses 81 , 62, 63, 84, 66, 66, 87 and 68 am not damped to V m by closure of 
of switches 81 , 82, 83 or 84, these busses are biased to voltage Vu» the voltage associated with legfeZErtu, 
via resistances 71, 72, 73, 74, 75, 78, 77 and 78, respectively. 
30 The selective damping process is considered, more particularly, switch by switch. When the first setar 38. 
contacts close in switch 81 responsive to relatively light force on Its push-button,, bus 61 is clamped to the 
relatively high voltage V Hi associated with a logic ONE and applied on common to the sets of contacts In 
switch 81 . When thefirst sat of contacts close in switch 82 responsive to relatively small force on sis 
push-button, bus 82 is damped to the relatively high voltage V» associated with 3 logicONE and apptseojn 
35 common to the sets of contacts in switch 82. When the first set of contacts close in switch 83 response to 38 
relatively small force on its push-button, bus 83 is clamped to the relatively high voltage V w associated wstn 
a logic ONE and applied In common to the sets of contacts in switch 83. When the first set of contacts close IP 
switch 84 responsive to relatively small force on its push-button, bus 64 is clamped to the relatively Nsfr 
voltage V w associated with a logic ONE and applied in common to the sets of contacts in switch 84. When 
40 both sets of contacts in switch 81 dose responsive to relatively large force on its push-button, both busses m m 
and 65 are damped to V H! . When both sets of contacts in switch 82 close responsive to relatively large force 
on its push button, both busses 82 and 68 are clamped to V Bi . When both sets of contacts in sw*tej^«ose 
responsive to relatively iargeforce on its push-button, both busses63 and 67 ere damped toV^WRHsnKKh 
sets of contacts in switch 84 close responsive to relatively targe force on its push-button, both busses 64 ana 
4S 58 are clamped to ¥nj. 

The patterns of closure of switches 81,82, 83, 84 associated with pressure being applied to different ones 
of the touch-points a-y on touchplate 8Cf will now he considered. This two-dimensional problem in resohnng 
applied force into components at the support points is separable, and thus can be considered in terms o« two 
orthogonal single-dimensional problems In resolving point ef application, the first dimension being so the 
SO direction of rows in the rectangular array of touchpoints a^y and the second dimension in the direction of me 50 
columns in that array. This, in effect, reduces the problem of the rectangular touchplate supported attts 
corners to that of the linear touchhar supported at its ends. 

figures S $4, show the various switch closure conditions that can obtain for a touches* 80 divided from mn 
to right along Its length into five tooebpoint regions 90a, 90b, S0e,98d and 90s and supported at its onus by 
55 double-dosure switches 81' and 84' . These various conditions result responsive to user-applied force SB 
(represented by vector 98} being applied on different ones of the regions 9Ga-90e. Analysis showing wnsch 
switch contacts close is calculated according to the laws of classical mechanics, as applied to a teem^PPOft 
at each of its ends. After translation of the beam responsive to user-applied force 98 is completed, the 
applied force 98 (which may irtdude a component sseribabie to the touchbar or touchplate weights is equal 
§0 to the sum of the contervailing forces applied to Ifie beam by the switches 81 ',84' (end therefore to t»« fc> 
forces applied to the switches by the beam). After rotational translation of the beam responsive to 
user-applied force is completed, clockwise first momenta must equal counterclockwise first mament&Tne 



45 



equations deserihsne this equality about the point of application of force sre then written and cross-soivao 
with the previous equalities to resolve respective components Of User-sppSied force at switches 81* and84 . 
Hip mmnmffiA of < isftf-arvr^iad fn^ft st each of the switches is then -compared to the force thresholds tat 
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which one of its sets of contacts dose and at which both of Its sets of contacts dose) to dsterm? ne the 
conditions of each of the double-closure switches, 

lis the various portions of Figure B, touchbar Si or its like is presumed to be made of transparent maters si t 
permitting the viewing of a vfewscreen 49, shown in prof tie, there under. Figure SM literates the switch 
§ condition when no fores Is applied by the userto any of thetouchpoints, § 

Figure So illustrates how relatively lightforee applied to the left end region 30a doses one set of contests 
Irs switch St', Figure 8c III ustrates how relatively strong force cioses both sets of cootoets is switch 81'. Both 
contact sets of switch 84' remain open in both cases of Figures 6b and 6c, 

Force applied to the middle region 9Gc will be received about eguaiiy between the actuating members of 
1 g switches 81 ' sod 84'. Each switch will have one of its sets of contacts dosed, if applied force is relatively tight 18 
as in Figure 60; or each will have both its eels of contacts dosed If applied tores is reiatsveiv -strong as In 
Figure 8f. 

light force applied to the right-hand region 90s in Figure 6h closes one of contacts in swtteh 84'; and 
strong force applied to region SQo t as in Figure 2?, doses both sets in switch 84'. The contacts of switch 81' 
1§ remain open in either case, > 

Figure fid shows the condition where force is applied to region 80b between left end region 90s and middle 
region 90c. The force is resolved into component forces on the actuating member of switches 81 ' and 84' 
that are relatively large and relatively small, respectively. Both sets of contacts si switch 81' close, but ORiy a 
single set in switch 84'. 

2D Rgure 8g shows the condition where force is applied to region 90d between middie region 80c and right W 
end region 90s. The force Is resolved into component forces on the actuating members of switches 81 ' and 
84' that are relatively small and relatively large, respectively. Both sets of contacts m switch 84' close, but 
only a single set in switch 81 ' closes. 
Figures 6$eh| can be summarized Into the following truth table. Each force-senshlve switch Is considered 

25 to have a set of contacts, e, closed only for actuating forces greater than a relatively tow threshold value and 2$ 
s sat of contacts, % closed only for actuating forces greater than a relatively high threshold value, Qosura of 
contacts is signified by a logs: ONE; and their opening, by a logic ZERO. 



TABLE I 30 



LEFT SWITCH 81' RIGHT SWITCH 84' 

$ CONTACTS a CONTACTS p CONTACTS a CONTACTS 35 



REGION 

BEING 

TOUCHED 



40 



45 



50 



none 


0 


0 


0 


0 


88s 


0 


5 


0 


1 


Impossible 


0 


0 


1 


0 


90s 


0 


0 


1 


1 


90a 


0 


1 


0 


8 


30c 


0 


1 


0 


i 


impossible 


0 


1 


1 


0 


3t5d 


0 


1 


1 


1 


impossibie 


1 


fi 


0 


g 


impossible 
impossibie 


1 


G 


s 


1 


1 


0 


1 


0 


impossible 


1 


Q 


1 


1 


90s 


1 


1 


B 


0 


90b 


1 


1 
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The impossible conditions In the table arise from letting the sat of four-bit binary numbers describing 
contact conditions run consecutively to make sure no contact condition is omitted, while in actuality one 
cannot ©xert force on a double-closure switch above the threshold required to close its 8 contacts without 
dosing its «* contacts, which dose at lower threshold. Tsbie I maybe re-arranged to the more-convenienH 
§g use Table si following, with impossible conditions being omitted. 
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20 Where a simple f ivs-touchpolnt touchbar 90 is ait that one requires, a si! 

constructed to address five lines responsive to the contact conditions descried io Table ii as 



25 



20 



andtoapph, • - ... , .... , .„ 

non-inverts {"bye") incuts to those gate inputs which are to receive jogtc ONE, Tne «Nu gate output is 
connected to ths output line, both going to logic ONE whenever the specified associated touchpoint region is 25 
touched if -here is only a single line entry in the table format region, if there are two lines In the table, then 
outputs of the AND gates for each entry are applied as inputs to an OB gate and its output is to the output Ime 
going to logic ONE whenever the associated teuchpoint region is touched. Standard logic manipulation 
techniques ran then be applied to the basic logic network. 
3 n Using Table II asa basis one can construct the troth table TABLE ill beginning In Figure 3a anda*mmoed in m 
Figures 8b and 8C to Show the actuation of switches 81-84 in Figure 5 in response to application of 1 otm to 
touch areas a-y of plate 60, in resolving user force applied to any of the touchpoint areas a, b, c 0, e,.u» vvvsr, 
x, y. la ) one cf the rows (row a,b, c, d, e and row u, v, w, x. y) containing the touchpoint can be eonawereoas 
s touchbar to which fores Is applied while {b) the other of the rows is considered to be a touchbar to wnsch no 
3* force is applied. Similarly, in resolving user force applied to any of the touchpoint regions a, e, f, j, % O, p t % o, 35 

* y, the column a, f, k, p, u and e, 1 0, t,y can be considered as a pah of toucbbars,the column only one of 
which receives actuating f orce.'Such logic equations, which may be manipulated according to standard 
reduction techniques, are presented in a form that is suitable for implementation with twenty-five integrated 
circuit ANDWAND gates with eight-bit-wide inputs. An array of logic inverters or properly wired XOR gates »s 

40 used to provide complemented Incut variables to those inputs of the AND/NAND gates requiring them. 48 

* Alternatively, decodi 09 could be performed by programmable read-only memories, by mtemporeessor or by 
3 coroouter with which ths touehplste is associated. 

Ths logic equations defining the g. i, g, and s touchpoints can be made somewhat more complex to Uhtne 
conditions, in each of these esses, the switch in the comer nearest to the touchpoi nt has its high-force 
threshold rccaeded, the switch in the corner furthest from the switch-point has only Its low-rorce threshold 
exceeded, and the remaining switches have had similar force threshold conditions exceeded. This atiowstor 
larger than normal force on the touchpoi nt to be properly decoded. Where the touch plate is flexible, rather 
than rigid, the second conditions listed in Table ill for a, a, «, andy touchpoints may be interpreted as 
response to Sight oressore on ioochpoints g, i, g, and s instead. _ 
Decoder SO- of the Figure 7 decoder, has decoded output which exhibits several different values when Su 
user force is spoiled to a touchpoint; this is also the case where the decoding function is carried out using a 
read-only memofv, a microprocessor, or a computer. One can simply arrange to accept decoder output after 
waiting a time after force is applied, as detected by decoder output indicating at least one set of switch 
contacts being closed. Another way to select the most probably correct decoder output is to continuously 
samote the decoder output and select the decoder output associated with the most switch contacts being * 
closed. Then, if this selected decoder output is not a voiid outout, the decoder output next before or next 
alter in time is selected. . , 

Figure 9 shows hardware for implementing such a decoder output selection scheme, as rnsgnt be used 
after the Figures Bia-i) touchbar 90. The extensionto hardware for use In connection with the figure 5 
touchplata assembly and should- be app^twttoone^iiediB theart. & 

Data latch 71' has been reset to aihZSROs output at a tfmepnor to the touchbar -being touched, tateti , 1 
receives as input the «si, fkn <*m. and S 84 logic variables from switches 81 ' ad 84' under touch bar 90 W 
Bourn 6). A comparator 72' compares the binary number defined by the variables «», fev cm* end ffa 
supplied as Waput to the b!narvnumberstoredm:!ateh?1 f ;suppiiedas3-input Greater foree on the 

- - >.-• « : „ **nA a. . o»»K»r inrwsc.ftn nr romfHnmertfiB same, € 
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never with its decrease, and there are no carders in trie binary number system used, So comparing ft» 
bmary numbers compares the number of O^EsintheiTi, Wfen A-input exceeds B-tnput, ewnparetof72' 
supplies an enabling signal to latch 71' to latch Sri these higher a^, fcrt. «8* a*** Pa* variables. 

When comparator 72 S-input exceeds A-input, the number stored in istch 71 ' describes the greatest fores 
s on the touehbar, sotne A<B output isav^«fato.s^3l1|Kfc^«'*e«decodlng should proceed from the § 
number stored In fetch ?!'. 

A mad-only memory IR0M5 with kiputfrom latch 71' output is convenient to use as the decoder 73, with 
the validation signal being, aplsed to enable i!s reading. 

When the force on the touchbar Is discontinued, NOR gate 74' responds to ««, for- ««. a«* Ps* 
10 ZEBQ to supply a ONE to reset latch 71 ' to atl-ZEROs output 1» 

The functions provided by the type of hardware just described can be realized using an appropriately 
programmed micro processor. Where this is done accomodation can be made in the decoding decisions tor 
the force a particular generator tends to exert, as determined from his validating a series of toucbpo&ft 
specter*. Correlations of switch conditions as applied force changes can also be made to improve She 
accuracy of decoding deciskma. t ^ 

White in the embodiments of the Invention shown in Figures 5 and S, the decoding logic is such as to 
respond to switch closure patterns developed in response to both smaller and larger user-applied force en 
certain touchpoirtt regions, it is possible to use logic that responds to only one of these force conditions re-§., 
the larger). While normally-open doubte-ciosure force-sensitive switches have been used between 
20 supporting surfaces and tou<*bsreortouchplates pressed towardsthose supporting surfaces in the 30 
Illustrated embodiments of the Invention, embodiments of the invention may instead use normally-closed 
double-closure fores-sensitive switches between supporting surfaces and touchbars OTtouchbarspwssad 
away from those surfaces bv touch applied through hoies in those surfaces. Double-throw rather than 
single-throw switches may be used to eliminate the need for pull-up or pull-down resistors being used to 
2§ establish alternative logic conditions when the switches are not user-actuated. 25 

CLAIMS 

1. A touch-responsive apparatus comprising: a member having a surface thereof which Inciudesa 

srt multiplicity of valid touch areas and a structurefor supporting said member; 30 
wherein said member has a plurality of su pport points, which are fewer in number than the number of 
valid touch areas.: Jst , 

a like plurality of force-sensitive switch means, each switch means being bioseo to a norma* condition ana 
being responsive to a force between said structure and a respective member support point to at ieast one 
35 operated oondftion, where such forces are caused by applying actuating forces to selected ones of said 35 
member touch areas; and 

a decoder responds to the operated conditions In combination of said switch means to identify any one of 
said touch areas to wh ich actuating force is applied. 

2. The apparatus of claim \, wherein at least some of said touch areas are arrayed linearly between first 

40 and second of said support points. ® 

3. The apparatus of claim 2, wherein said member is elongated; and 
said support points are disposed adjacent opposite ends of said member. 

4. The apparatus of claim 1. wherein said member Is rectangular; 

said touch areas are disposed within an array ha ving rows and columns which extend parallel to the lengt h 
4g of and width, respectively, of said rectangular member; 

sold support points are disposed adjacent respective corners of said rectangular member; and 
said decoder resoonds to operation of any single one of said switch means, of each pair or switch means 
which are disposed adjacent ends of any side of said rectangular member, and of all said switch means, tn 
accordance with the row and column in which the actuating force receiving one of said touch areas is 

m located, , 

5. The apparatus of anyone of claims 1 to 4, wherein said decoder is responsive to all said switch means 
being in normal condition forindicafjng mattorsefe applied to noneof the touch areas. 

6. The apparatus of claim 3 or 4, wherein each of said switch means is of the plural closure type, and is 
operable to first operated condition and second operated conditions In response to the presence of a lust 

S5 force and a second, larger force, respectively, at a respective one of said support points; 

and said decoder responds to certain combinations of normal condition and of first and second operated 
conditions among selected combinations of said switch means. 

7. The apparatus of anyone of claims 1 to 5 wherein each of said switch mean* comprises a pair of 
contacts which are open and closed when that one of said switch means sslo -norma! condition and m 

00 operated condition, respectively, , , 

8. The epsaratus of any one of claims 1 to S wherein each of said switch means comprises a psirot 
contacts, which are closed and open, when that one of ssid switch means is In normal condition and 
operated condition, respectively, 

9. The aposratus of any ene of claims 1 to S f for use with a viewscreeo wherein said memner ® 
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indijciss said valid touch areas. 

10, ADparstusaecordJng to any preceding daim, fortfeersomprssisg means, msponssvetafea «. 
for providing to the user, an Indication sensible by the mer.thata valid touch area has been selected. 

11. Touch resoonsivs apparatus substantia^ as hereinbefore described with reference; to Figures la to 
5 Id; or to Figure 2; or to Figure 3; or to Figure 4; orfe Figures S and 5a optional together with figures 8s toe 

or with Figure 0; or to Figures 8a to i optional togetherwith Figure 7 or with Rgure 3. 
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